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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the voltage drop 
in an air electrode layer, lower the overvoltage of an air 
electrode and thereby improve the output characteristic 

of a fuel cell by forming an electrolyte layer with an tr. y-- t G*a 1 BVr S^C&v. r- ; j 

oxide ion conductor, by forming the air electrode with an 

oxide ion mixture conductor and by forming an 

intermediate layer on an interface of the electrolyte 

layer on the air electrode layer side. 

SOLUTION: In this solid oxide type fuel cell, an 

electrolyte layer is formed of an oxide ion conductor 

having a composition of formula I, and an air electrode 

layer is formed of an oxide ion mixture conductor having 

a composition of formula II. Since an intermediate layer 

is present between the electrolyte layer and the air jl ^u^s^^^^)^^.^. ; Jjl., 

electrode layer, ionizing reaction resistance of 02 is 

lowered on the air electrode layer side, so that the 

ionization of 02 is accelerated and the overvoltage of 

the air electrode is reduced. In formula I, Ln1 is Ln, Ce, 

Pr or Nd, A is Sr, Ca or Ba, B1 is Mg, Al or In, B2 is Co, 

Fe, Ni or Cu, x is 0.05-0.3, y is 0.025-0.29 and z is 0.01-0.15; and in formula II, Ln2 is La or Sm, 
D is Fe or Cu, x is 0.05-0.8, y is 0-0.9 and d is 0.04-0.3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell of the solid acid ghost mold which 
has the eel constituted by pinching an electrolyte layer by the fuel electrode layer and the air 
electrode layer. 
[0002] 

[Description of the Prior Art] The fuel cell which contains the fuel electrode layer which consists 
of mixture with the matter which constitutes the interlayer who consists of YSZ including either 
or the both sides of Ti02 and Ce02 formed on the solid-electrolyte layer which consists of 
20Y3 stabilization Zr02 (YSZ), and this solid-electrolyte layer, and either or the both sides and 
the above-mentioned interlayer of the metal nickel formed on this interlayer and Oxidation nickel 
as the former and this kind of a fuel cell is indicated (JP, 7-25441 8,A). In this fuel cell, the 
contact resistance of the interface of a solid electrolyte layer and a fuel electrode layer can be 
lowered by work of the electronic conductivity ingredient of the Ti02 and the Ce02 grade in an 
interlayer. That is, the current pass of an electrolyte layer and a fuel electrode layer can be 
made [ many ] by giving an interlayer electronic conductivity. Consequently, a fuel cell with high 
generation efficiency can be obtained now. 

[0003] It has the eel to which between two or more single components which consist of the fuel 
electrode layer, solid state electrode layer, and air electrode layer which were prepared on the 
substrate on the other hand was electrically connected by the interconnector, and the eel of the 
fuel cell with which the precise air electrode layer which makes precise structure rather than an 
air electrode layer between this interconnector and air pole was prepared is indicated (JP,1 1- 
73976.A). In the eel of this fuel cell, since the electric touch area by the side of the air electrode 
layer of an interconnector increases, the electric resistance in the contact part by the side of 
the air electrode layer of an interconnector comes to decrease substantially and internal 
resistance decreases substantially, generation-of-electrical-energy capacity can be improved. 
[0004] 

[Problem(s) to be Solved by the Invention] however, in the fuel cell shown in above-mentioned 
conventional JP,7-254418,A By the interlayer between a solid electrolyte layer and a fuel 
electrode layer, the contact resistance of the interface of a solid electrolyte layer and a fuel 
electrode layer in the eel of the fuel cell shown in lowering and JP,1 1-73976,A Although the 
electric touch area of an interconnector and an air electrode layer was increased and electric 
resistance was reduced by the precise air electrode layer between an interconnector and an air 
electrode layer, the voltage drop in an air electrode layer was still large, and since the air pole 
overvoltage was high, there was still room of an improvement. The object of this invention is by 
making small the voltage drop in an air electrode layer, and making an air pole overvoltage low to 
offer the solid acid ghost mold fuel cell which can improve output characteristics. 
[0005] 

[Means for Solving the Problem] Invention concerning claim 1 is amelioration of the solid acid 
ghost mold fuel cell with which the eel 12 was constituted by pinching the electrolyte layer 16 by 
the fuel electrode layer 13 and the air electrode layer 14, as shown in drawing 1 . The electrolyte 
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layer .16 is the oxide ion conductor expressed with the following general formula (1), an air 
electrode layer 14 is the oxide ion mixed conductor expressed with the following general formula 
(2), and the place where interlayer 16a was formed in the interface by the side of the air 
electrode layer 14 of the electrolyte layer 16 has the characteristic configuration. 
Ln11-xAxGa1-y-zB1yB2z03-d .... (1) 

However, Ln(s)1 are one sort or two sorts or more of elements chosen from the group which 
consists of La, Ce, Pr, Nd, and Sm. A is one sort or two sorts or more of elements chosen from 
the group which consists of Sr, calcium, and Ba. B1 is one sort or two sorts or more of elements 
chosen from the group which consists of Mg, aluminum, and In. B~2s are one sort or two sorts or 
more of elements chosen from the group which consists of Co, Fe, nickel, and Cu, x is 0.05-0.3, y 
is 0.025-0.29, z is 0.01-0.15, (y+z) is 0.035-0.3 and d is 0.04-0.3. 
Ln21-xSrxCo1-yDy03-d .... (2) 

However, Ln2 is the element of either La and Sm and both sides, D is the element of either Fe 
and Cu and both sides, x is 0.05-0.8, y is 0-0.9, and d is 0.04-0.3. 

[0006] With the solid acid ghost mold fuel cell indicated by this claim 1, since ionization reaction 
resistance of the oxygen molecule by the side of an air electrode layer 14 falls by existence of 
interlayer 16a between the electrolyte layer 16-air electrode layers 14, ionization of an oxygen 
molecule is promoted and it is thought that an air pole overvoltage decreases. Moreover, since 
the contact nature of the electrolyte layer 16 and an air electrode layer 14 improves by 
existence of interlayer 16a, it is thought that an air pole overvoltage decreases. Consequently, 
since the voltage drop in an air electrode layer 14 can be made small, the output characteristics 
of a fuel cell 1 1 can be improved. In addition, in this description, an "oxide ion conductor" means 
the oxide ion conductor in a narrow sense with which oxide ion conductivity occupies most 
electrical conductivity. That is, both the electronic conduction nature called an electronic-ion 
mixed conductor or an oxide ion mixed conductor and oxide ion conductivity remove the 
ingredient which accounts for a big rate. 

[0007] Moreover, as for the thickness of the above-mentioned interlayer 16a, it is desirable that 
it is 0.1-20 micrometers. Furthermore, as for the above-mentioned interlayer 16a, it is desirable 
that it is the compound expressed with the following general formula (3). 
Ln1 1-x-pAxSmpGa1-y-z-qB1yB2zCoq03-d .... (3) 

However, Ln(s)1 are one sort or two sorts or more of elements chosen from the group which 
consists of La, Ce, Pr, Nd, and Sm. A is one sort or two sorts or more of elements chosen from 
the group which consists of Sr, calcium, and Ba. B1 is one sort or two sorts or more of elements 
chosen from the group which consists of Mg, aluminum, and In. B-2s are one sort or two sorts or 
more of elements chosen from the group which consists of Co, Fe, nickel, and Cu. (y+z) is 0.035- 
0.3, x is 0.05-0.3, p is 0-0.2, y is 0.025-0.29, z is 0.01-0.15, q is 0-0.1, and d is [ (p+q) is 0.01-0.3 
and ] 0.04-0.3. 
[0008] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained based 
on a drawing. As shown in drawin g 1 and drawing 2 , the solid acid ghost mold fuel cell 1 1 is 
equipped with the electrolyte layer 16 infixed between the fuel electrode layer 13 which touches 
fuels, such as hydrogen gas, the air electrode layer 14 of the porosity which touches air, and a 
fuel electrode layer 13 and an air electrode layer 14. A eel 12 is constituted when this fuel cell 
1 1 pinches the electrolyte layer 16 by the fuel electrode layer 13 and the air electrode layer 14. 
Moreover, interlayer 16a is formed in the interface by the side of the air electrode layer 14 of the 
electrolyte layer 1 6. 

[0009] The above-mentioned electrolyte layer 1 6 is an oxide ion conductor expressed with the 

following general formula (1). 

Ln1 1-xAxGa1-y-zB1yB2z03-d .... (1) . 

In the above-mentioned general formula (1), Ln1 is a lanthanoids system rare earth metallic 
element, and are one sort or two sorts or more of elements chosen from the group which 
consists of La, Ce, Pr, Nd, and Sm. A is alkaline earth metal and is one sort or two sorts or more 
of elements chosen from the group which consists of Sr, calcium, and Ba. B1 is non-transition 
metals and is one sort or two sorts or more of elements chosen from the group which consists 
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of Mg, aluminum, and In. B-2 is transition metals and are one sort or two sorts or more of 
elements chosen from the group which consists of Co, Fe, nickel, and Cu. That is, the electrolyte 
layer of this invention is the multiple oxide of the 5 yuan system (Ln+A+Ga+B1+B-2) which made 
lanthanoids gallate (LnGa03-d) basic structure, and doped three kinds of elements, alkaline earth 
metal (A), non-transition metals (B1), and transition metals (B-2), to this. 

[0010] Moreover, the electrolyte layer 16 expressed with a general formula (1) has a perovskite 
mold crystal structure, Ln element and A element of the above-mentioned general formula (1) 
occupy A site of the perovskite mold crystal structure shown by AB03~d, and Ga element, B1 
element, and B-2 element occupy B site. Originally, when divalent metal (for example, the above- 
mentioned A element which occupies A site, the B1 above-mentioned element which occupies B 
site), and transition metals (the above-mentioned B-2 element which occupies B site) occupy a 
part of A site which trivalent metal occupies, and B site, an oxygen hole is produced and oxide 
ion conductivity appears by this oxygen hole. Therefore, as for an oxygen atomic number, only 
the part of this oxygen hole will decrease. 

[001 1] x of a general formula (1) — the atomic ratio of A element — it is — 0.05 to 0.3 — it is 
preferably set as the range of 0.10-0.25. the atomic ratio of yB1 element — it is — 0.025 to 0.29 
— it is preferably set as the range of 0.05-0.2. z — the atomic ratio of B-2 element — it is — 
0.01 to 0.15 — it is preferably set as the range of 0.03-0.1. (y+z) — 0.035 to 0.3 — it is 
preferably set as the range of 0.10-0.25. x was limited to the range of 0.05-0.3 for electrical 
conductivity falling, when it separated from the above-mentioned range. Electrical conductivity 
becomes high so that, as for having limited z to the range of 0.01-0.15, z increases, but since the 
ion transference number (oxide ion conductivity comparatively) falls, the above-mentioned range 
turns into optimal range. Electrical conductivity becomes high as (y+z) becomes large, but since 
the ion transference number falls, having limited (y+z) to the range of 0.035-0.3 becomes the 
range where the above-mentioned range is the optimal. 

[0012] In addition, d is set as the range of 0.04-0.3. a general formula (1) — setting — the 
atomic ratio of oxygen — (3-d) — having displayed (the atomic ratio of actual oxygen being 
three or less.) — this is because it is difficult to change the number of oxygen holes not only 
with the class of alloying element (A, B1, and B-2) but with the class and amount of temperature, 
oxygen tension, and B-2 element, and to display the atomic ratio of oxygen on accuracy. 
Moreover, as a B-2 element, when Co, Fe, nickel, or Cu is used, electrical conductivity high also 
at a low temperature side (about 650 degrees C) is shown. 

[0013] Moreover, an air electrode layer 14 is an oxide ion mixed conductor expressed with the 
following general formula (2). 
Ln21-xSrxCo1-yDy03-d .... (2) 

In the above-mentioned general formula (2), Ln2 is a lanthanoids system rare earth metallic 
element, and is the element of either La and Sm and both sides. D is transition metals and is the 
element of either Cu and Fe and both sides, x of a general formula (2) — the atomic ratio of Sr 
element — it is — 0.05 to 0.8 — it is preferably set as the range of 0.25-0.55. y — the atomic 
ratio of D element — it is — zero to 0.9 — it is preferably set as the range of 0.20-0.80. x was 
limited to the range of 0.05-0.5 for electrical conductivity falling, when it separated from the 
above-mentioned range, y was limited to the range of 0-0.8 for electrical conductivity falling too, 
when 0.8 was exceeded. In addition, d is set as the range of 0.04-0.3 like d of a general formula 
(1). 

[0014] Moreover, interlayer 16a is a compound expressed with the following general formula (3). 
Ln11-x-pAxSmpGa1-y-z-qB1yB2zCoq03-d .... (3) 

In the above-mentioned general formula (3), Ln(s)1 are one sort or two sorts or more of 
elements chosen from the group which consists of La, Ce, Pr, Nd, and Sm like Ln1 of a general 
formula (1), and A is one sort or two sorts or more of elements chosen from the group which 
consists of Sr, calcium, and Ba like A of a general formula (1). B1 is one sort or two sorts or 
more of elements chosen from the group which consists of Mg, aluminum, and In like B1 of a 
general formula (1), and B-2s are one sort or two sorts or more of elements chosen from the 
group which consists of Co, Fe, nickel, and Cu like B-2 of a general formula (1). 
[0015] x of a general formula (3) — x of a general formula (1) — the same — the atomic ratio of 
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A element — it is — 0.05 to 0.3 — it is preferably set as the range of 0.10-0.25. y — y of a 
general formula (1) — the same — the atomic ratio of B1 element — it is — 0.025 to 0.29 — it 
is preferably set as the range of 0.05-0.2. z — z of a general formula (1) — the same — the 
atomic ratio of B~2 element — it is — 0.01 to 0.15 — it is preferably set as the range of 0.03- 
0.1. (y+z) — (y+z) of a general formula (1) — the same — 0.035 to 0.3 — it is preferably set as 
the range of 0.1 0-0.25. It is the same as that of the case of a general formula (1 ) to have limited 
to x, y and z, and (y+z) the above-mentioned range. 

[0016] p of a general formula (3) — the atomic ratio of Sm element — it is — zero to 0.2 — it is 
preferably set as the range of 0.05-0.15 — having — q — the atomic ratio of Co element — it is 
— zero to 0.1 — it is preferably set as the range of 0.01-0.07. (p+q) — 0.01 to 0.3 — it is 
preferably set as the range of 0.06-0.22. p was limited to the range of 0-0.2 for electrical 
conductivity falling, when 0.2 was exceeded, and q was limited to the range of 0-0.1 for ion 
conductivity falling, when 0.1 was exceeded, (p+q) was limited to the range of 0.01-0.3 for ion 
conductivity falling less than 0.01 , when reduction of an air pole overvoltage is not seen but 0.3 
was exceeded. Moreover, as for the thickness of interlayer 16a, it is desirable to be set as the 
range of 0.1-20 micrometers, and it is still more desirable to be set as the range which is 1-10 
micrometers. The thickness of interlayer 16a was limited to the range of 0.1-20 micrometers 
because it would be too thick and resistance loss would increase in less than 0.1 micrometers, if 
it was too thin, and a role of an interlayer was not played but 20 micrometers was exceeded. 
[0017] Furthermore, a fuel electrode layer 13 is constituted by metals, such as nickel, is 
constituted by cermets, such as nickel-YSZ, or is constituted by the mixture with the compound 
expressed with nickel and a general formula (4). 
Ce1-mCm02 .... (4) 

one sort or two sorts or more of elements chosen from the group which C becomes from Sm, 
Gd, Y, and calcium in the above-mentioned general formula (4) — it is — m — the atomic ratio 
of C element — it is — 0.05 to 0.4 — it is preferably set as the range of 0.1-0.3. the volume 
ratio with the compound expressed with nickel and a general formula (4) - (95:5) (20:80) — it is 
preferably set as the range of - (90:10) (40:60). In addition, the sign 18 of drawing 2 is a charge 
collector which consists of platinum which has conductivity, and it is prepared so that air 
electrode layer 14 porous top face may be touched. 

[0018] Thus, actuation of the constituted solid acid ghost mold fuel cell is explained. If hydrogen 
is circulated so that a fuel electrode layer 13 may be touched, air is circulated so that an air 
electrode layer 14 may be touched, and a load is electrically connected between the fuel 
electrode layer 13-air electrode layers 14 in this condition, hydrogen will serve as a fuel, air will 
serve as an oxidizer, a fuel electrode layer 13 will serve as a negative electrode, and an air 
electrode layer 14 will serve as a positive electrode, and a current will flow for a load. At this 
time, it is important in an air electrode layer 14 side that an oxygen molecule is ionized, become 
02- and this oxide ion moves in the inside of the electrolyte layer 1 6 which is an oxide ion 
conductor. Since ionization reaction resistance of the oxygen molecule by the side of an air 
electrode layer 14 is reduced when interlayer 16a exists between the electrolyte layer 16-air 
electrode layers 14 in this invention, ionization of an oxygen molecule is promoted and it is 
thought that an air pole overvoltage decreases. Moreover, it is thought that an air pole 
overvoltage decreases by existence of the above-mentioned interlayer 1 6a since the contact 
nature of the electrolyte layer 16 and an air electrode layer 14 improves. Consequently, since 
the voltage drop in an air electrode layer 14 can be made small, the output characteristics of a 
fuel cell 1 1 can be improved. 
[0019] 

[Example] Next, the example of this invention is explained in detail with the example of a 
comparison. 

As shown in <example 1> drawing 1 , the electrolyte layer 16 40mm and whose thickness are 250 
micrometers, and the diameter carried out [ the fuel electrode layer 1 3 whose diameter is 20mm 
and whose thickness is 30 micrometers, and the diameter / 20mm and thickness ] the laminating 
of the air electrode layer 14 which is 35 micrometers, and the disc-like eel 12 was formed. With a 
thickness of 0.2 micrometers interlayer 16a was formed in the interface by the side of the air 
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electrode layer 14 of the electrolyte layer 16 of this eel 12. In addition, the electrolyte layer 16 
was an oxide ion conductor which has the presentation La0.8Sr0.2Ga0.8Mg0.1 5Co0.05O3-d, and 
the air electrode layer 14 was an oxide ion mixed conductor which has the presentation 
Sm0.5Sr0.5CoO3-d. Moreover, interlayer 16a was a compound which has the presentation 
La0.75Sr0.15Sm0.1Ga0.775Mg0.125Co0.1O3-d, and the fuel electrode layer 13 was the mixture 
of nickel and the compound which has the presentation of Ce0.8Sm 0.2O2. The eel 1 2 of the 
above-mentioned fuel cell 1 1 was made into the example 1. 

[0020] Except for a <example 2> interlayer s thickness having been 1 micrometer, the eel was 
formed like the example 1. This eel was made into the example 2. 

Except for a <example 3> interlayers thickness having been 4 micrometers, the eel was formed 
like the example 1. This eel was made into the example 3. 

Except for a <example 4> interlayers thickness having been 10 micrometers, the eel was formed 
like the example 1. This eel was made into the example 4. 

Except for a <example 5> interlayers thickness having been 20 micrometers, the eel was formed 
like the example 1. This eel was made into the example 2. 

[0021] Except for the <example 1 of comparison> interlayer not having been formed, the eel was 
formed like the example 1. This eel was made into the example 1 of a comparison. 
Except for the <example 2 of comparison> interlayers thickness having been 50 micrometers, 
the eel was formed like the example 1. This eel was made into the example 2 of a comparison. 
Except for the <example 3 of comparison> interlayer s thickness having been 1 00 micrometers, 
the eel was formed like the example 1. This eel was made into the example 3 of a comparison. 
[0022] As shown in Comparative study and assessment drawing 3 , the 1st circuit 21 was 
connected between the fuel electrode layer 13 of each eel 12 of examples 1-5 and the examples 
1-3 of a comparison, and the air electrode layer 14, and DC power supply 25, the ammeter 26, 
and open/close switch 27 of the 0.01 -ohm resistors 24 and 5V were connected to the serial in 
this circuit 21. Moreover, the 2nd circuit 22 was connected to the side face of the electrolyte 
layer 16 for the reference pole 28 between anchoring, and this reference pole 28 and air 
electrode layer 14, and the 1st voltmeter 31 was connected to this 2nd circuit 22. Furthermore, 
the 3rd circuit 23 was connected between the fuel electrode layer 13 and the air electrode layer 
14, and the 2nd voltmeter 32 was connected to this 3rd circuit 23. The electrical potential 
difference between the air electrode layer 14- reference poles 28 decreased depending on time 
amount immediately after current density's repeating a sink for the current of 0.5 A/cm2, 
repeating energization and cutoff for this current at intervals of about 40n second in the 1st 
circuit 21 of the above, and intercepting the above-mentioned current was measured with the 
1st voltmeter 31. That is, the air pole overvoltage V1 was measured the 1st voltmeter 31 by the 
current interruption method. Moreover, the electrical potential difference between the air 
electrode layer 14-fuel electrode layers 13 when current density passes the current of 0.5 
A/cm2 in the 1st circuit 21 was measured with the 2nd voltmeter 32, and the generated output 
consistency of a eel 12 was measured. The above-mentioned measurement result is shown in a 
table 1 with the thickness and current density of interlayer 16a. 
[0023] 
[A table 1] 
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[0024] In the eel of the example 1 of a comparison without an interlayer, and an interlayers 
comparatively thick examples 2 and 3 of a comparison, the air pole overvoltage was high and the 
electrical potential difference and generated output consistency between air electrode layer-fuel 
electrode layers were low so that clearly from a table 1. To these, in the examples 1-5, the air 
pole overvoltage became low and the electrical potential difference and generated output 
consistency between air electrode layer-fuel electrode layers became high. It turned out that a 
voltage drop [ in / in the direction of examples 1-5 / an air electrode layer ] becomes low, and 
the output characteristics of a fuel cell improve from the examples 1-3 of a comparison by this. 
[0025] 

[Effect of the Invention] Since according to this invention constitute a eel, an electrolyte layer is 
an oxide ion conductor, an air electrode layer is an oxide ion mixed conductor and the interlayer 
was formed in the interface by the side of the air electrode layer of an electrolyte layer by 
pinching an electrolyte layer by the fuel electrode layer and the air electrode layer as stated 
above, ionization reaction resistance of the oxygen molecule by the side of an air electrode layer 
falls by existence of an interlayer, ionization of an oxygen molecule is promoted, and it is thought 
that an air pole overvoltage decreases. Moreover, since the contact nature of an electrolyte 
layer and an air electrode layer improves by existence of an interlayer, it is thought that an air 
pole overvoltage decreases. Consequently, since the voltage drop in an air electrode layer can be 
made small, the output characteristics of a fuel cell can be improved. Moreover, an interlayers 
thickness can be set as the range of 0.1-20 micrometers, or the presentation expressed with a 
general formula (Ln1 1-x-pAxSmpGa1-y-z-qB1yB2zCoq03-d) in an interlayer, then the above- 
mentioned effectiveness can be more notably done so. 



[Translation done.] 
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nft?mi i 6#&<dhhsc ( i ) rasnsswfc«i-r* 

(D^mm 1 imvnmvamm 1 6 a^M^ns. 

Ln U_ x A x Ga 1 . v . l B 1 32,0,., 
(1) 

Ln2 1 .,Sr,Co 1 . v D,0 3 . d (2) 



Ji 



12< 




11 

12 -fe;P 

13 jSB^SS 



14 

16 m^^S 

i6a 




] timmm (13) t £ MgJI (14) tlrCjzK) n 

jbm a-6)£&?#-r s c ± «:<fc 9 -fe* o2)3&s«« $ ft/c 

MEWPRfBaO^^-ISK ( 1 ) r*3ftS«ffc» 

Ln 1 a _ x A,Ga!_ v - r B 1 , 
ffiU Lnl«La, Ce. Pr. N dRCf Sm^6ft 
48 <fc 0 iS«ftfc 1 SXtt 2 SW±Otc^ ;AliSr, 
CaWB a^645S<t 0 »«ftfc 1SX(J2 «K± 
<E>7C^ ; B 1 ttMg, A 1MI nJ&»6&*8M:9»« 
ftfcl«Xtt2«W±0>7G*: B2«Co, Fe, Ni 

a»cu*6ft sff ct o art ti& i axis 2 s«±<dtc 

*;xttO. 05-0. 3;yte0. 02 5-0. 2 
9 ; zttO. 01-0. 15; (y + z)»0. 035 
— 0. 3 ; dteO. 04-0. 3T*5. * 



(2) 2001-52722 

2 

*!5iE£§ie® ci4)^<o— gas; (2) vwtstx&mtiti 



,82,0,. d ( 1 ) 

^Ln2 1 . I Sr»Co 1 . r D,0 J . d (2) 

{IU Ln 2«LaatfSm<Dl>m*>— ^X\tWo<0 
10 7tJ§ ; D » F e RVC u CDl>-rfta>— ^TX»5R*Otc 
^;x«0. 05-0. 8;y«0-0. 9;dte0. 
04-0. 3"C&£o 

[»#3S2] cfJraHC16a)CDilS^0. 1-2 0 Mm 

im^m 3 ] cj5^*^x<ohoa ( 3 ) -est 3 
ft £ss3£jh 1 x« 2 1 m<Dmvm<tmm&ftw&. 



Ln l^.pAxSnipGax.v.^B 1 V B 2,0 0.03. 



(3) 



ffiU LnKiLa, Ce. Pr, NdMSm*6tt 
2>m J: 0 ®«ftfc 1 «X« 2SW±<D7U^ ;A«Sr, 
CaS»Ba^6«cS8J:0a«ftytl«XW2«W± 20 
<D7C#g ; B IteMs, A l&V 1 n^e&SScfcDiStf 
ft/c 1 ®X«2a«±CD7n^ ;B2«Co, Fe, Ni 

scfCu3^6>aas<fco»«ftA: iaxtt2aw±<07n 

JH; xteO. 05 — 0. 3 ; p«:0 — 0. 2 ; y«0. 
02 5 — 0. 29 ; z»0. 01—0. 15;q«0 — 
0. 1; (y+z) ttO. 03 5-0. 3; (p + q) 
»0. 0 1-0. 3 ; dteO. 04 — 0. 3T-&&o 

[0 0 0 1 ] 

lli^<±0^SJl ; &^orlf^$ft/c-t2;b^W*r^ 

[0 00 2] 

^tZrO, (YSZ) &&tt&Btt*jBWB<h. C 
<DHfl«»HJl±K:»J5K3ft^T i O^MC e 0,<Dt> 

<D4*fflm±icBf&2titc&mN i ac«tfbN i <o^rn 

#XttSW i ±f B*ff8JI£«§ JiST S«3H i (Dfit&fy} 
h £ 8Sf*«SJi £ WR^WfitfHS* 3 ft r i » a 40 

oishpft - 2 5 4 4 1 8#) o zcDimmmviz. * 
hw4>o>t i o^c eo 2 m<Dm+mm&ttn<Dffizic 

[0 00 3 ] -Jf. K«Ji«caW6ftfc«»ffi». Hf* 
***r««W{cS«3ft/c-feju*wu C£W>£:n 50 



JBW^aSJl^R W 6 ft/c j^mftfe^-fe^* 5 ^ 3 ft X 
(«fH¥l l-739 76§) 0 C<Dfimnm<D*te 

[0 0 04] 

m^l - 2 5 4 4 1 8#<&*ll6C^SftfcjKfi«fir«, 
W-l 1 -7 3 9 7 B^SMltCTjkStitcimmmo^JV^ 

tt. 2»WIK:*jW4«EE»T*/hS< 
[0 00 5] 

mm$. mmmmi stwuDHaa ( 1 > x&ztx&m 
\m j * >g»flrca o . 1 4 #&<i>-fflt 
(2) -c*sn*»^fc«-r*>«B^e*»r*or, s 

fiSSJf 1 6 co^m@M 1 4fliJcD^Mk:*paJi 1 6 a^Jg 
^3ft/c<hC5CC*S 0 



# 



(3) 



Ln lt.xA 1 Ga l . T . I B 1 v B2 ^ O 3 _ 



1fP§200 

4 



1-52722 



(1 ) 



0 1 



{IU LnlKLa, Ce, Pr, N dRtf Sm*P6£ 
Sgf<fc9ii«ti/clSX«2SJy±<D7C»-C*0. Att 
Sr, CaSC/Ba^e^^Sf<i03l«n/cieX«2 

ssj: oaaftfc i mx&2mvL±.<D7m'v$>*) , B2 

ttCo, Fe, N iRVCu&t>UZ>m<£*)Mk*titcl 
SX«2StLh<D7C*-C^>0, xttO. 0 5-0. 3t 
£>9, yteO. 025-0. 29t*9, z&O. 
— 0. 15t*0, (y+z)»0. 03 5 — 0. 
**}/dttO. 04-0. 3"C^>€>o 

Ln 2 X _ X S r X C o a . v D v 0 3 _ d (2) 

{B L/, Ln 2(iLaMSm(D^-fn^^a*© 

(Dtc^-C^D, xteO. 0 5-0. 8T?&9, yteO- 
0. 9-C&9, d«0. 04 — 0. 3t*S. 

[0 00 6] c<Dii*^i ^dM^titcmwm^mm 
»wfi-c», *jbm 1 6 -^m@n 1 4P^cD*raii 1 * 

Ln li-x-pA* S m B G a t _, 
{BO. LnlKLa, Ce, Pr, NdMSm^^c 
S*J:0a«htel«Xtt2««±©7aRr*0, Att 
Sr. C aSCf B a*i&a:*8J: OBtftifc 1 iXtt2 
m&l±.<D7cmrC$>K). BlttMg, AlS^In^ft 
S»«k«3atfhfcl«XJ*2«JM±©7aRt?*0. B2 

ttco, Fe, NisofCu^ettssjcoatfnyti 

aX»2«£Ui<D5u3Rr*0. xttO. 0 5-0. 3"C 
p«0 — 0. 2T&9, yttO. 0 2 5-0. 2 
9"C&9, z«0. 0 1-0. 15T&9, q«0-^> 
0. 1^*0. (y+z)ttO. 03 5 — 0. 3T*& 
9, (p + q)«0. 01-0. 3 7*5, d«0. 0 
4-0. 3-C&6, * 

Ln l,.,A x Gai. v . z B 
±fB— ( 1 ) CCteOT, Ln F3R* 
±3H3ai7C*r*9* La, Ce, Pr. NdRO'Sm 

S. A«TJl/*»J±»^flir*0. Sr, CaSOTa 

6o BlB^HttR?»O t Mgr. AlMln^6 

tt*s<fcoa«nfci^w2a«±©7car*s. b 

2«a»^«r*f3, Co. Fe, NiRTCu^e^ 

5, *«9i©«jlHWB«9>*-/-f F -*U-h (Ln 

(A) , #®f££JI (B 1 ) &tfaS£&lg (B2) <D 3 
«SI©7C**F-^Lfc5 7c3R (Ln + A + Ga + B 1 
+ B2) <D8teBKM&-e*a. 

[ooio] ^/c-^s; ( i ) ^mztizw.Mwm 1 6 
i*** h^MKt**u ABo 3 . d t^ 

( 1 ) ©LnTcSRS^ATcR^ifi*, Bif* ^ h£Ga7G 



SI 8a4>fl%fCj:9«llHllll 6i^SIl 4£<D 
6ft£ e C(DS^ £MSJi 1 4*cteW5«iB*T«:'h 

fii^cim^ ate. $^ffl*cctei^r. rm 

[OOO7]*JkiEtBil6a0»SttO. 1-2 
0^mt*5Ci3&iff*Lk JI«C±E«t»lfflJa 1 6 a « 
(3) r*3ft5<fc^«rc*SCi#»*U 

,.,-,B 1 V B2«C o Q O a . d (3) 
20* [0 00 8 ] 

S-^l^-C8tt98-r4. HlRyH2Cc^-rj:5«:, 

■ 134, ^K&T£^?LMO^m®ll 44, «» 

@s i 3 timmm 1 4 toraoc^shfcWBWB 1 
6«i5o c<Dffi»®fe 1 1 amwm 1 3 4^m@ 

1 2«sn^, ttcmmna 1 6<d^s® 1 4 on 
(Dmstc&tpmmi 6 asw&asfts. 
30 [0009] issmmnm 1 6 i2%<dhra < 1 ) 

l v B2 z 0 3 . tf ( 1 ) 

SR. B l7C*atfB2 7c*#i5tt*. #*«:3flfi£K# 
gtibZAy-J hSC/B^Y h<D-35^2ffi^Jl («A 
tf. A* A F*d5tf>£±iEA7c3R. Blf Y h ££g>£-k 
IBB 15HR) KC«8»£Bi (BiM h*£tf>£_LIBB2 

40 [0011] — JK3£ ( 1 ) ©xtJATcSROJS-T-ifc^C* 
0, 0. 05-0. 3, ff*L<«0. 10-0. 25 
©ffiHteRJEStiS. y«B 1 TaROJR^Jt-C* 0 , 
0. 02 5-0. 29, Sf*U<«0. 05-0. 2© 

asfflccia^sna. z«B27ca©jH j fJtt?*o, o. 

01-0. 15, »*L<«0. 03-0. KDffiffiK 
KJEStiS. (y+z)«0. 0 35-0. 3, 
<te:0. 10 — 0. 2 5(D81^$ti^o x£0. 
0 5—0. 3CDffiHCCE^Ofe©W±8Bi5H*i1-tiS<b 
S»G»tt^fiT^S/c»r*S. z^rO. 0 1-0. 
50 1 5 (DffiBfcfRSLfc<Dtt. z *s*ft*-rS«i*«»G3J 



(4) ^20 0 1 -5272 2 

5 6 

m*HE<i3:z>&. j*>mm (mmj*>&m&<Dm *Ln2 1 .,sr,co 1 . T D y o J . d (2) 

^) imrf-$'Z>tctb x JJEEB#§3£ffiH<t££ 0 ±12— (2) &c*>l>T, Ln2»7>^^>f FS# 

(y + z)£0. 0 3 5-0. 3cD^HCCRg)tO/c(D ±S^7uf?re&9, LaMSm(D^f n^X« 

(y + z) ^A#<^c€>«:otirmme^a^< 55W©7C*r*S. DWS»£»r*»). Cu&tfFe 

ffiHiftio x«S r TU^CDMTttr^ 0 , 0. 0 5-0. 8, ff* 

[00 12] ^ dttO. 0 4-0. 3(D®Hfc:f3:^ 0<ttO. 2 5-0. 5 5 ©ffiHKSJESti*. yttD 

£ft£ 0 — «^ (1) Kfct>T^©JBfflt* (3- 7cXOjDK J F-Jtr«Q. 0-0. 9, $f?gL<«:0. 2 0 

d) r^TSOfc (IIIS©K*<DJHTJt«3«T , C* -0. 8 0 <D«SHK:S5£3 tl*. x£0. 0 5-0. 5 
£ 0 ) *s % Cti«^ffi7L©»3W»ftl7aR (A, BIS 10 ©«HCc|^Ofc<DttJJ2i5H*^ft4i««e*tt*« 

CFB2) ©«HO*ae>r, fig, BBR#ff. B 2^clg ®TlT£*:#re£>£ 0 y£0-0. 8<D®ffiKKSL/t 

a^T5C<b*SH!tftfc«>'r*S 0 ^/cB2tc^<!:L tbV&Zo d tt-jHS ( 1 ) © d i 0 . 0 

Co, Fe, NiXttCuifl^i, ffiSfflJ (ft 4-0. 3 <D®Bfc:g:S£ 

6 5 o °o rfem^«ae8Wt*svr. [ o o 1 4 ] £/c*raJi 1 6 a B&oHttX ( 3 ) r« 

[0013] J/c^iii 4 a:*©-** (2)t8 ShSfb^Brc**. 

Ln l 1 .,.,A,Sm,Gai. v ....B 1VB2.C o Q 0 3 _ d (3) 

±fB— JKS; (3) CCteUT. Ln 1 MMBW (l)CDL 0. 0 1 *«rtt^^«EE<D^#8^ft"F* 
n 1 <h|5tf§K:La, Ce, Pr, NdRffSm^SftS 20 0. 3 iMZ-2> L >f *>Bm&&i&TirZ>tc&X<tbZ> 0 

m£vmi<mtcimxte2mu±<D7v : mv$>!), a«- *fc*iH»i 6a©»s«o. 1—20 MmcD$5B&ci£ 

«SC (1 ) OAiEiaccS r. C aStfB a *64SS 3£**l4C L < . 1-1 OwiiKDWiS? 

cfcOS«ti/cl«X«2SJ£LbCD7C^r*So Bltt- ft4C i^MCCJf?* 1 6 aO»S*0 . 1 

«SC ( 1 ) <DB 1 iEI«CCMfir. A 1 Ktf I nfr^ft-S -2 0 uvKDmffllCf&fcLtcCO^ 0. 1 /zm*iStr« 

SJ:9jSKnfciatx«2aK±©7c»r*o, B2» m-r^x^mmtoxco^m^^r, 20^*1^. 

HR3C ( 1 ) <DB2£|g«CCCo. Fe, NiMCu *iJS-rSfrfifiiaa*s«^:"r*3^6"C*S. 

*6ttS»*0a«n^l^»2WJLb©7aRr* [00 1 7] KtcJHtfHHl 3ttNig©£BKc<fc9# 

[0015] HKS (3) 0x«H8S ( 1 ) <Dxtm f&Ztitc*). m^tN i ±H8« (4) r*Sh*^ 
«CCA7C«©JIK-T"Jtr*>), 0. 0 5-0. 3, SfSU 30 ^iOil^ J:9*SJS<**i£o 

<»0. 10-0. 2 5©ffiH{CSftSSn«. yW— tt Ce^CO, (4) 

St ( 1) (DytmmiCB 1 7C*<DM^tb"C* 0 , 0. 0 ±fe^S^ ( 4 ) tefelvf . C«Sm, Gd. YMC 

25-0. 29, JffSLXfctO. 05-0. 2CD®HK aJ^6&S»«fc 0atfft)fc 1 aX«2««±©7E*r* 

i££$*73o z«— «S (1) ©2<bl5iaccB2 7C*0 mfctC7tJR©M^J£t?&0 , 0. 0 5-0. 4, .» 

S^ItrAD. 0. 0 1-0. 15. »*L<»0. 0 £U<te0. 1-0. 3 CD©Hfc:g5££ft& e N i £ — 
3-0. lQ©Bfc:fS:S2ft£ e (y + z) tt— JKSC (4) T?*3ftSffc^£©f*»tt« (95 : 5) 

(1) CD (y+z) il^atCO. 035-0. 3, S?2 -(20:80), »$L<«(90: 10)-(4 

L<te0. 10-0. 2 5©J6H«:H5£3n*. x, 0 : 6 0) OttHtcRSStiS. ttte, H2©W#1 8 

y, z&tf (y + z) *±ia®HJCPSSL//cCD«, — tt W^«44W**a£^6tt**«f*^*9 * ^?LScD 

& (i) <Dm&£mmx&z 0 40 §^11 4±fficc»r«j:5K:RW6tii. 

[0016] -MS ( 3 ) <Dp ttSmTcaR^JK^itC* [0018] t©<fc 5 CC^^n/c@ft^k^M^m 

0, 0-0. 2, £?£U<te:0. 05-0. 1 5£>©B ffiOttf¥*»KT4. 1 3{Cffi*r* <fc 9 «:** 

ccnssti. (itzco7m<Dm*ttx$>*) % o-o. a«Mi4«c«^s<t5«cajRtaBis 

L JffJKttO. 01-0. 07<D®micmMZti tt C(Dt£®^jB8ftg«l 3-^^gHl 4IB«:*»* 

& e <p + q)ttO. 0 1-0. 3* #*U<«0. 0 ^KjtcMt^xb, ^3WKttitt0^oSa*«ffc 

6-0. 2 20liJC^3ni >0 p£0-0. 2<DS5 SUi fiP^JKHM 1 3 aWftSift 9 fro^Mffi 

HKIHSeufc©!*. 0. 2*iM**i«flie»tt3ftHST H 1 4*$iEffiiScor 1 »Wte«fcW**i*. C<D<t# 

■rsyt«&"c*o, q^ro-o. 1 ©«H*ciwei/3ifc© s^gii 4W^K^^^^>{b^nro , -<hSc 

5o (p + q)^:0. 01-0. 3<Dmmt<cm%.Ltc<D 50 »B1 8 Ci3W«»r*S. **IH'C«* 



(5) 

7 

mm 1 6 a#mg?»Ji i 6 -^mm i Amic&ttrz> 

CiicjrO, 1 4 ®J-e©l£St#^-<D * X tS 

IB*ra1^ 1 6 a ©#SKJ: ») . 1 6 4^mSJi 

1 4 4©«Mt£#ft±-rs©-c\ mM®MmK&m>-f 

^T£^S<-f ■5t£**t , t5©-?. j^fStfel i©m 
[0019] 10 

<$mw i >m i {c^-r<t^(c. n^2 0mm. /?$ 

#S3 0Atm©*P*©il 3£. ISiHOmm, 
25 0iim©lilU6i, Omm. /IS** 

3 5*tm©^©ll 4 4£SHGTR«:R©-fe.>H 2 
ZBl&Ltc. C©feJH 2©mjl?ffJf 1 6©£M©1 1 
4ffliJ©Wffi«:«J?3 0 . 2 u mOtpfflm 1 6 a <£J&£ 1/ 
/c. &*s» 1SSI1 6iJLa,.,Sr„. 1 Ga„.,Mg 
,.„Co ( ,. 0! O 1 . 1 <bl I ^«5ft»f-ft>e 20 
zgttT?*'). ^ilHHSm.^Sr.^CoO,., 

SsfctpfSUB 16attLa,.„Sr,. 11 Sm,,.,Ga,.„ 1 
Mg,. 1 ,,Co.. 1 0 J .d<!:t>5ffl^**-r5Yb^-r* 
9. MffffiRH 3«N i iCe,. I Sm,.,0,a>» 
JiR«#J-*ft^»i©iB^frc*ofc. JdEflttMlili l 
l©-te;H 24S86091 tbft. 
[0 02 0] <|©fcF92>4 I R3Jl©J?;*#l umT^o 

©4z 2ilfc„ 30 

<IHl5fc#I3 >"frHIJI ©#<*** 4 m m-C fritcC 4 

<9mffl4:>'PI@m<DlZ2ifil 0 um-CS> -7 tectum 
JtW4 4l/fc. 



*#|§2 0 0 1 -5272 2 
8 

<SfeSfe«95>4 I iaiB©JlS* 1 2 0 nmT*ofcCil:i 
l»-C. HUM 1 £HWC'fe.fl'£JgJ&lsfc. C©*JI/*X 
»092 4Lfc. 

[002 1 ] <lt©04 1 >*IBIJi3W»fiS3tift*>-9teC 
&«MHr>-C. §«iF9l 4H«K-fe;U*JB0tOfc. C©-te 
**tfc«W9 1 4 l>tc. 

<&M.M2>*Pmm<r>mZ1fib 0 *im-C&o;fcC4£|& 

c»-c. mmmi tmuic-^^Bi&btc. c©-fe;u^it 

©092 4 L/c 

<ttMM3>*PMm<DB2&l OOnm-CiofcCi?: 
HM,»T. 4EMKc-fe;U*JBJ«t,fc. CO*A* 

tt©093 4t,fc. 

[0022 ] <tf^5Sf®tf3?ffi>03«C7jVrj:5«:, 
3S609 1 ~ SRZPtmm 1 ~3 ©&-fe;u l 2 ©fl&l&Jf 

1 3 4£Mffil 1 4 4©Rfl{Clif 1 @B2 1 «$fckU C 
©[D8§2 1«:0. 0 1 Q©jgtfif£2 4. 5 V©ii:jjiESM 

2 5 . SSEtt 2 6 RO'Pamx W »^2 7 «i&£l(CffiGk L/ 

tc £ temmmm 1 6 <zxmib«:#ms 2 8 % c 
©#m@2 8 t&amm 1 4 4©r^«:^2 0^2 2 *x 

ttU C©*2HB52 2K*l*EBh3 
KtCJKBSjf 1 3 4£M©)1 1 4 4<SDM«:ft3llB2 3 
*J»ttU C©3&3|518g2 3fc^2mJEt1-3 2£jgi&t, 
fc. _tlBSfU[lS§2 1 «C*8fc8H£#0 . 5 A/cm'© 
0 . C ©&&£& 4 0 n ^©Hlpg-caSSCJfiS 

rsaw •5^@e 1 4 2 8 pa©«E£Si i m 

fflH-3 lKJ:9$J5£Lfc. BP%*U> 
3 >««:<J:o-r^lSffitf-3 1 CcJrO^SSSEV! 
£®J5ELfc„ S/c«iffiSfS*l0. 5A/cm'©m 
Hi 1 ESS 2 l«C»0fc4*©ffi»«»14-j!«HWl 
3W©SEE*ffi2®Eif3 2 5Ccfc ! 3#J5£b-C, -b;H 2 

©#6««*«g*a!i3eofc. ±fea'J5£*sm4+^)ii 6 

a ©ffSSWetafSi 4 «>«:« 1 JCtST. 
[0023] 
[*1 ] 
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rf, pn S3 

■Fran 
m) 


(A/cm 1 ) 


(V) 


(V) 




mmmi 


0.2 


0.5 


0. 025 


0. 705 


352.5 




1 


0-5 


0. 012 


0. 718 


359 


mmm3 


4 


0.5 


0.010 


0. 720 


360 




10 


0.5 


0.015 


0.715 


357.5 




20 


0.5 


0. 020 


0.710 


355 


i 


0 


0.5 


0. 05 


0. 680 


340 




50 


0.5 j 


0.2 


0. 530 


265 




100 j 


0.5 j 


0.4 


0. 330 


165 



10 



1 - 5 oawtttMi 1 - 3 j; g ^mgnK 
few *«aE»T*«fi < a 5 . «««s©Hi*#it*Jrt, j- 

[0025] 



■ — — -fuiuj^ W n//i.v 4 iiJC v ■* ret 

■W*HK<Lnl 1 ....A.S«uG«,......Bl T 



[01]^ m1f} OJMfX^t^J^g^^^-^- 

[03] *0^«»0Sfl«Bi«E9*ffflrrsfcas> 



1 2 -fe.il, 
1 4 

1 6 mmmm 

16a 4i|8m 



[01 ] 



[02] 






mm *a- 

m^m*m>imm 1 TB297#» 



F £ — A 4C048 AA05 AC06 AD04 

5H018 AA06 AS03 EE13 HH03 HH05 
5H026 M06 EE13 HH03 HH05 



